A comparative analysis of retention characteristics obtained on fused silica capillary columns available from various manufacturers is performed. The retention indexes for organic compounds of different chemical classes (octanol-1, 2,6-dimethylphenol, 2,6-dimethylaniline, naphthalene, methylpelargonate) are measured on the columns. The maximum variation in retention indexes is 1,63 i.u. on the columns coated with nonpolar stationary liquid phase (polydimethylsiloxane) and 16.26 i.u. on those coated with polar that (polyethylene glycol). The average maximum variation in the retention indexes obtained on the polyethylene glycol columns is more than that on the polydimethylsiloxane columns by a factor of 5. The established variation in columns selectivity from various manufacturers must be taken into account both in routine chromatography, in studies of physicochemical characteristics and when compiling of data bases.
Introduction
Presently capillary chromatography is currently the main variant of analytical gas chromatography. A broad assortment of high performance capillary columns available commercially from numerous manufacturers favoured widespread use of capillary gas chromatography. These columns are appreciably standard. This is considered to mean possible interchangeablitily of the same columns from various manufacturers.
Taking into account analytical application of the columns and such general requirement as a reproducibility of their chromatographic characteristics it was of great interest to compare experimentally the retention values for various sorbates obtained on capillary columns coated with stationary liquid phases (SLP) of the same type available from various manufacturers. Note, some years ago the results of the experimental study for the columns available from other manufacturers were published in inaccessible Russian journal Zavodskaya laboratoriya [1] . In our opinion, the reproducibility of the capillary columns available from various manufacturers is of general interest for many chromatographers by the following reasons.
Firstly, the data on the reproducibility are necessary for general approach when compiling of databases on the retention. Secondly, the data must be taken into account when changing the column from one manufacturer for that from other manufacturer. And, thirdly, the data are necessary for general estimation of the reproducibility of chromatographic characteristics of the columns from various manufacturers.
The identity of the column properties from various manufacturers is unlikely to be rather great because the following factors can have a significant influence on the retention: -the properties of polymer SLP used by various manufacturers;
-the preparation techniques of internal capillary surface before coating, the methods used for immobilization of SLP. There is no question that these factors should influence the sorption characteristics of the column (see, e.g. [2] );
-the nature and pressure of the carrier gas used [3] .
The separate assessment of all these factors is a very difficult task. Its solution is beyond the scope of our report.
The purpose of this study was to study experimentally the variation in retention values for organic sorbates on the capillary columns of the same type coated with polar and nonpolar SLP available from various manufacturers and to evaluate the results for chromatography practice. were used. Thirdly, the capillary columns coated with both polar (polyethylene glycol) and nonpolar (polydimethylsiloxane) SLP were used. Fourthly, chromatographic measurements were performed at the same experimental conditions (oven temperature, carrier gas pressure); and, fifthly, helium used as a carrier gas which has the least influence on the retention [4] .
Experimental
Chromatographic measurements were made on a modified LKhM-8MD gas chromatograph equipped with a flame ionization detector (FID) (factory "Khromatograf", Moscow). Fused silica capillary columns 30 m length × 0.25 mm i.d., 30 m length × 0.22 mm i.d. (SGE, Australia) were used. Inlet pressure of helium as carrier gas was 1,2 atm. Split ration was 1:150. The oven and detector temperature was 100°C (for columns with polydimethylsiloxane) and 150°C (for columns with polyethylene glycol). The injector temperature was 250°C. The sensitivity of FID was 1 × 10 -11 Ampers for scale (Afs). The sorbate retention time was measured using a modified I-02 integrator (factory "Mikroprovod", Kishinev) with a resolution of 0,1 s.
Before measurements the columns were conditioned in the flow of helium during 2 hours at 200°C (columns coated with polyethylene glycol) and at 250°C (columns coated with polydimentylsiloxane).
The sample was introduced with a 1-µl microsyringe. Methane (0.5 µl) and a mixture of test compounds (0.05 µl) were introduced simultaneously into the column. The mixture of test compounds contained octanol-1, 2,6-dimethylphenol, 2,6-dimethylaniline, naphthalene, methylpelargonate (∼2 % of each component in n-hexane). For the columns coated with polydimethylsiloxane ∼1 % of n-alkanes C 10 -C 13 was added to the mixture, for the columns coated with polyethylene glycol -n-alcohols C 9 -C 12 and ndecanol-2.
Note that homologous series of n-alkanes were used as standards on the nonpolar phase and homologous series of n-alcohols were used for polar that [2] . The above mentioned test compounds present the simplified Grob test mixture [5] . It contains compounds of various polarity. This allows establishment of specific interactions of the compounds not only with used stationary liquid phases but with capillary wall as well. The wall can contain adsorption (e.g., acidic) centres. Moreover the used mixture contains available compounds. To compare the columns from various manufacturers the values of standard deviation(s) from average value of the retention index, maximum variation in retention indexes (∆I max ), and average values for all sorbates (S av ∆I max av. ).
Discussion
As seen from the Table I , for the columns with polydimethylsiloxane the mean standard deviation s is 0,50 i.u., average maximum variation in retention index (∆I max av. ) is 1,32 i.u. with maximum variation of 1,63 i.u.
The observed variation in retention indexes for the columns from various manufacturers are pronounced, especially taking into account the fact that presently measurement accuracy of retention indexes is not worse than 0,05 i.u. (see, for example, [6] ). Thus, maximum variation in retention indexes is greater than measurement accuracy by a factor of 30.
Kovats' indexes for organic sorbates on the columns with polyethylene glycol from the same manufacturers are listed in Table II . As follows for the columns with polyethylene glycol the mean standard deviation is 2,2 i.u., average maximum variation in retention index (∆I max av. ) is 6,06 i.u. with maximum variation of 16,26 i.u. As seen, the variation in retention indexes for the columns with polyethylene glycol is greater than that for the columns with polydimethylsiloxane by a factor of 4-5.
Such great increase in intermanufacturer difference when changing non-polar phase for polar that is due to the fact that production of the columns with polar phases is characterized by worse reproducibility. It seems likely, that it is true up to the present.
Note, in the present study the variation in retention indexes is practically the same for analogous columns we pointed in the previous publication [1] . This justifies the stability of capillary columns characteristics produced for several years.
The results obtained reveal that when changing the capillary column from one manufacture for that of the same type from the other one the separation of the complex mixture can significantly change. Thus the unwanted consequences of such change should be taken into account in practical chromatographic analysis.
It seems likely that the value of databases can be markedly increased if they are obtained on the columns from fixed manufactures (i.e. on the columns produced by appointed technology).
Also it was of practical and theoretical interest to estimate the existence of correlation between retention indexes on the same type columns from various manufacturers.
Earlier we showed theoretically and experimentally that linear dependence for retention indexes obtained in various laboratories on the capillary columns with the same SLP was valid [7] . By applying the dependence to the retention indexes for the columns from various manufactures the equation proposed earlier can be written as:
where I i (b) and I i (a) are retention indexes for i sorbate for the columns from manufactures b and a respectively, A and B are constants at given experimental conditions. The retention indexes for the columns from "Supelco" were arbitrary chosen as I i (a).
The general variation in the retention indexes on the columns coated with SLP of the same type evaluated quantitatively by correlation coefficient R and mean standard deviation SD [8] (see Table III ). As seen, the dependence (1) is considered to be linear (R > 0,999). The mean standard deviation for polar SLP (polyethylene glycol) is greater than that for nonpolar one (polydimethylsiloxane) by a factor of 8-12. The application of linear regression enables use of data obtained on column from manufacturer A to derive data for another manufacturer B. This is of practical and scientific interest.
Note, that equation (1) conformed well to the experimental data for nonpolar stationary liquid phase and did much worse for polar that. Most probable it can be explained by greater contribution of adsorption phenomena for polar phases.
The obtained linear dependence can be used for approximate transition from the retention data on the columns from one manufacture to those from another one, for example from I i (a) to I i (b).
In summary it may be said that the differences in retention indexes should be taken into account both in analytical 
